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ABSTRACT 
Cogenerat ion f e a s i b i l i t y  s t u d i e s  were conducted 
f o r  e l e v e n  s t a t e  agenc ie s  of Texas.  A n e t  p r e s e n t  
va lue  (NPV) a n a l y s i s  was used t o  e v a l u a t e  c a n d i d a t e  
cogene ra t ion  sys tems and s e l e c t  t h e  optimum system.  
CELCAP, a n  hour-by-hour cogene ra t ion  a n a l y s i s  com- 
pu te r  program was used t o  determine t h e  c o s t s  used 
i n  t h e  NPV a n a l y s i s .  The r e s u l t s  of t h e  s t u d i e s  
showed t h a t  t h e  s t a t e  could  s a v e  ove r  $6,000,000 pe r  
year  i n  reduced u t i l i t y  b i l l s .  D i f f e r e n t  methods of 
ana lyz ing  t h e  economic performance of  a  cogene ra t ion  
system a r e  p resen ted  f o r  comparison. Other  impl ica-  
t i o n s  of  t h e  s t u d y  a r e  a l s o  d i s c u s s e d .  
INTRODUCTION 
The u t i l i t y  b i l l s  f o r  t h e  S t a t e  of  Texas ex- 
ceeded $200.000,000 i n  FY '83. I n  a  s t u d y  conduct- 
ed by t h e  Energy Management Group of  t h e  Mechanical 
Engineer ing Department a t  Texas A&M f o r  t h e  P u b l i c  
U t i l i t y  Commission o f  Texas (PUC), i t  was determined 
t h a t  cogene ra t ion  could  p o s s i b l y  s a v e  t h e  s t a t e  m i l -  
l i o n s  of d o l l a r s  p e r  year  i n  reduced u t i l i t y  b i l l s .  
They suggested t h a t  a  d e t a i l e d  f e a s i b i l i t y  s t u d y  of 
cogene ra t ion  be conducted on s e v e r a l  of t h e  l a r g e r  
s t a t e  a g e n c i e s .  
The PUC approved t h e  s tudy  and awarded t h e  con- 
t r a c t  t o  t h e  Energy Management Group. Economic ana- 
l y s e s  of cogene ra t ion  were performed f o r  e l e v e n  
s t a t e  agenc ie s .  Recommendations i n c l u d i n g  t h e  type  
and s i z e  of  cogene ra t ion  sys t em were made f o r  each 
agency. 
Th i s  paper  o u t l i n e s  some a v a i l a b l e  economic 
a n a l y s e s  and d i s c u s s e s  i n  d e t a i l  t h e  economic ana- 
l y s i s  chosen f o r  t h i s  s t u d y .  It a l s o  d e s c r i b e s  t h e  
computer program used i n  t h e  a n a l y s i s  and o u t l i n e s  
t h e  r e s u l t s  of  t h i s  s t u d y .  F i n a l l y ,  some impl ica-  
t i o n s  of t h e  s t u d y  a r e  p r e s e n t e d .  
ECONOMIC ANALYSIS METHODS 
Severa l  methods a r e  used by companies and gov- 
ernments t o  e v a l u a t e  t h e  economics of  c a n d i d a t e  pro- 
j e c t s .  The t h r e e  most popu la r  methods a r e :  
1 .  Simple payback 
2 .  Net p r e s e n t  v a l u e  
3 .  I n t e r n a l  r a t e  of  r e t u r n  
The method of e v a l u a t i o n  s e l e c t e d  shou ld  b e  
a b l e  t o  t a k e  i n t o  account  t h e  t ime  v a l u e  o f  money, 
rank t h e  p r o j e c t s  i n  o r d e r  of  economic a t t r a c t i v e -  
ness ,  and g i v e  t h e  r e s u l t s  i n  a  meaningful  u n i t  o f  
measurement. 
Simple payback de te rmines  t h e  t ime  r e q u i r e d  f o r  
a  p r o j e c t  t o  r e c o v e r  i t s  i n i t i a l  i nves tmen t .  It is  
c a l c u l a t e d  by d i v i d i n g  t h e  p r o j e c t ' s  i n i t i a l  i n v e s t -  
ment by t h e  expec ted  p r o f i t s  ( o r  s av ings )  p e r  u n i t  
t ime ( u s u a l l y  i n  y e a r s ) :  
where: 
PB = Simple payback ( y e a r s )  
I = Investment  ( $ )  
A = P r o f i t  o r  s a v i n g s  p e r  u n i t  t ime ( $ / y e a r )  
Simple payback does  p r o v i d e  t h e  r e s u l t s  i n  a 
meaningful  s c a l e .  It emphasizes  t h e  importance  of  
t ime  b u t  n o t  t h e  t ime v a l u e  of money. Also ,  i t  is 
n o t  a  recommended method of r ank ing  p r o j e c t s ,  b u t  i t  
can s t i l l  be  used a s  a  f i r s t  o r d e r  s e l e c t i o n  c r i t e -  
r i o n .  
The n e t  p r e s e n t  v a l u e  (NPV) method de te rmines  
t h e  p r e s e n t  v a l u e  o f  t h e  f u t u r e  c o s t s  and r evenues  
of  a  p r o j e c t  minus i ts  i n i t i a l  i nves tmen t :  
where : 
NPV = F e t  ? r e s e n t  v a l u e  ($)  
N = Xumber of t ime p e r i o d s  ( p r o j e c t  l i f e  
i n  y e a r s )  
A = Revenues f o r  each t i m e  p e r i o d  n  ($)  
C = Expenses f o r  each t ime  p e i r o d  n  ($ )  
F = P r e s e n t  v a l u e  f a c t o r  and is based on 
t h e  d i s c o u n t  ( i n t e r e s t )  r a t e  f o r  each 
p e r i o d  n  (d imens ion les s )  
I = I n i t i a l  Inves tment  ($ )  
The n e t  p r e s e n t  v a l u e  method meets  a l l  of  t h e  
c r i t e r i a  sugges t ed  i n  t h e  opening pa rag raph  of  t h i s  
s e c t i o n .  It g i v e s  r e s u l t s  i n  d o l l a r s ,  t a k e s  i n t o  
account  t h e  t i m e  v a l u e  o f  money u s i n 8  t h e  p r e s e n t  
v a l u e  f a c t o r ,  and can be used t o  r e l i a b l y  r a n k  pro- 
j e c t s .  
The i n t e r n a l  r a t e  of r e t u r n  (IRR) is d e f i n e d ' a s  
t h e  i n t e r e s t  r a t e  p a i d  on t h e  t ime-varying unrecover- 
ed b a l a n c e s  of an  inves tmen t ,  such t h a t  t h e  f i n a l  
inves tment  b a l a n c e  i s  z e r o  a t  t h e  end of t h e  propos- 
ed  p r o j e c t .  I n  o t h e r  words,  t h e  IRR is  determined 
by s o l v i n g  f o r  t h e  d i s c o u n t  ( i n t e r e s t )  r a t e  which 
makes t h e  NPV e q u a l  t o  ze ro  f o r  a  c e r t a i n  t ime p e r i -  
od. 
The IRR s a t i s f i e s  two of  t h e  c r i t e r i a  f o r  ecbno- 
mic e v a l u a t i o n ,  t h a t  is i t  t a k e s  i n t o  accoun t  t h e  
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t i m e  v a l u e  of  money and i t  g i v e s  t h e  r e s u l t s  u s i n g  
a  meaningful  measure ( i n t e r e s t  r a t e  and u s u a l l y  a s  
a  p e r c e n t ) .  Using t h i s  method, a  p r o j e c t  i s  deemed 
a c c e p t a b l e  i f  i ts  IRR is g r e a t e r  t han  a  p r e s e t  v a l -  
ue which i s  u s u a l l y  c a l l e d  t h e  minimum a t t r a c t i v e  
r a t e  of r e t u r n  o r  d i s c o u n t  r a t e .  However, t h e  I R R  
i s  no t  a  means of r ank ing  t h e  a c c e p t a b l e  p r o j e c t s ,  
i . e . ,  t h e  p r o j e c t  w i th  t h e  h i g h e s t  I R R  is  no t  nec- 
e s s a r i l y  t h e  b e s t  p r o j e c t .  To s e l e c t  a  p r o j e c t  
from t h e  a c c e p t a b l e  a l t e r n a t i v e s  r e q u i r e s  an  i n c r e -  
men ta l  r3te of  r e t u r n  approach.  The i n c r e m e n t a l r a t e  
of  r e t u r n  is  t h e  IRR determined f o r  t h e  inc remen ta l  
cash f low t h a t  r e s u l t s  from s u b t r a c t i n g  t h e  cash  
flow of t h e  l e s s  expensive  p r o j e c t  from t h e  more ex- 
pensive  one. I f  t h e  inc remen ta l  r a t e  of r e t u r n  i s  
g r e a t e r  than t h e  minimum a t t r a c t i v e  r a t e  of r e t u r n  
then t h e  more expensive  p r o j e c t  should  be  s e l e c t e d .  
The fo l lowing  s imple  example w i l l  show each of  t h e  
methods i n  use .  
Consider  two m u t a l l y  e x c l u s i v e  p r o j e c t s ,  A and 
B. P r o j e c t  A r e q u i r e s  a n  investment  o f  one d o l l a r  
and w i l l  have a  n e t  p r o f i t  of  one d o l l a r  p e r  y e a r .  
P r o j e c t  B r e q u i r e s  an  investment  of two d o l l a r s  and 
w i l l  have a  n e t  p r o f i t  of one d o l l a r  and f i f t y  c e n t s  
pe r  y e a r .  Both p r o j e c t s  have f o u r  y e a r  l i v e s ,  and 
t h e  company's d i s c o u n t  r a t e  i s  f i v e  p e r c e n t .  
The r e s u l t s  of  each  method o f  a n a l y s i s  a r e  
shown i n  t h e  fo l lowing  t a b l e :  
PROJECT A PROJECT B 
Investment ( $ )  1 2 
Annual P r o f i t  ( $ / y r )  1 1 . 5  
Discount  Ra te  (%) 5 5 
P r o j e c t  L i f e  ( y r s )  4 4 
Simple Payback ( y r s )  1 1 . 3 3  
N e t  P re sen t  Value ($) 2.55 3 . 3 2  
I n t e r n a l  Rate  o f  Return  (%) 92.5 65.0 
The s imple  payback and t h e  i n t e r n a l  r a t e  of r e -  
t u r n  sugges t  t h a t  p r o j e c t  A is b e t t e r  wh i l e  t h e  n e t  
p r e s e n t  v a l u e  s u g g e s t s  p r o j e c t  B. From i n s p e c t i o n ,  
t h e  b e t t e r  p r o j e c t  i s  B, p rov id ing  t h e  company has  
t h e  two d o l l a r s  t o  i n v e s t .  The n e t  p r e s e n t  v a l u e  
method can  b e  shown t o  be  ma themat i ca l ly  c o n s i s t e n t .  
A s  mentioned, when u s i n g  t h e  IRR method, an  
inc remen ta l  i n t e r n a l  r a t e  of r e t u r n  is  used t o  d i s -  
t i n g u i s h  between two a c c e p t a b l e  p r o j e c t s .  To under- 
t a k e  p r o j e c t  B i n s t e a d  of A i t  would c o s t  one more 
d o l l a r ,  and t h e  annual  p r o f i t  would be i n c r e a s e d  by 
f i f t y  c e n t s  ove r  A f o r  t h e  f o u r  y e a r  l i f e .  The in -  
crementa l  i n t e r n a l  r a t e  o f  r e t u r n  would be  35% which 
is g r e a t e r  t han  t h e  company's d i s c o u n t  r a t e  of  f i v e  
pe rcen t .  The re fo re ,  c o r r e c t  a p p l i c a t i o n  of t h e  IRR 
method a l s o  y i e l d s  c o r r e c t  r e s u l t s .  
One f i n a l  n o t e  r e g a r d i n g  economic a n a l y s e s ;  t h e  
previous  example n e g l e c t s  t h e  e x i s t e n c e  of a  p r o j e c t  
p o r t f o l i o .  The p r o j e c t  p o r t f o l i o  i s  composed of 
t h o s e  p r o j e c t s  t h a t  a s  a  whole maximize t h e  p r o f i t -  
a b i l i t y  of  t h e  p r o j e c t  budget which i s  u s u a l l y  f i x e d .  
For example, assume t h a t  i n  t h e  p r e v i o u s  example t e n  
d o l l a r s  a r e  a v a i l a b l e  f o r  inves tment  i n  p r o j e c t s  and 
t h a t  t h e r e  a r e  t e n  more p r o j e c t s  l i k e  A and f i v e  
more p r o j e c t s  l i k e  B. Obviously,  p r o j e c t  A i s  now 
more a t t r a c t i v e  than  B, b u t  t h e  NPV and t h e  IRR 
methods would a l s o  prove t h i s ,  i . e . ,  f o r  a  f i x e d  bud- 
g e t ,  t h e  p o r t f o l i o  which maximizes t h e  IRR w i l l  a l s o  
maximizes t h e  NPV. 
S i n c e  no f i x e d  amount of  money was s p e c i f i e d  
f o r  cogene ra t ion  o p p o r t u n i t i e s  a t  t h e  e l e v e n  s t a t e  
agenc ie s ,  and a l l  moneys cou ld  be  r a i s e d  a t  t h e  same 
d i s c o u n t  r a t e ,  t h e  NPV method was chosen f o r  evalua-  
t i n g  cogene ra t ion  c a n d i d a t e s .  I n  t h e  p r e s e n t a t i o n  
of  r e s u l t s ,  however, s imple  payback was g iven  due t o  
its wide accep tance  and use .  
ECONOMIC ANALYSIS FOR STATE AGENCIES 
For each s t a t e  agency, t h e  a n a l y s i s  t h a t  was 
used was based on annua l  c o s t s  and s a v i n z s  a sooc i -  
a t e d  w i t h  each c a n d i d a t e  cogene ra t ion  sys tem.  The 
fo l lowing  were i d e n t i f i e d  a s  t h e  pr imary economic 
f a c t o r s :  
1. E l e c t r i c i t y  c o s t  b e f o r e  c o g e n e r a t i o n  ( t h e  
b a s e  c a s e )  and a f t e r  c o g e n e r a t i o n  
2 .  Fue l  ( n a t u r a l  g a s  i n  t h i s  s t u d y )  c o s t s  
b e f o r e  and a f t e r  c o g e n e r a t i o n  
3 .  Power p l a n t  o p e r a t i n g  and maintenance 
(O&M) c o s t  b e f o r e  and a f t e r  c o g e n e r a t i o n  
4 .  I n i t i a l  inves tment  
5. Discount  r a t e  
6. D i f f e r e n t i a l  e s c a l a t i o n  r a t e s  f o r  t h e  
c o s t  o f  e l e c t r i c i t y  and f u e l  
7 .  Standby power cha rges .  
The nex t  s t e p  was t o  develop an e q u a t i o n  f o r  
c a l c u l a t i n g  t h e  NPV which incorpora t ed  t h e  above 
v a r i a b l e s .  
where: 
NPV = Net p r e s e n t  v a l u e  ($) 
EB = Annual e l e c t r i c i t y  c o s t  b e f o r e  cogener- 
a t i o n  ($) 
EA = Annual e l e c t r i c i t y  c o s t  a f t e r  cogener- 
a t i o n  ($ )  
h = D i f f e r e n t i a l  e s c a l a t i o n  r a t e  f o r  t h e  
c o s t  of e l e c t r i c i t y  ( e s c a l a t i o n  r a t e  
above i n f l a t i o n  r a t e )  (decimal)  
i = Discount  r a t e  (decimal)  
GB = Annual f u e l  c o s t  b e f o r e  cogene ra t ion  ($1 
GA = Annual f u e l  c o s t  a f t e r  cogene ra t ion  ($) 
f  = D i f f e r e n t i a l  e s c a l a t i o n  r a t e  f o r  t h e  
c o s t  of g a s  (decimal)  
N = L i f e  of p r o j e c t  ( y r s )  
OMB = Annual o p e r a t i n g  and maintenance c o s t  
a f t e r  cogene ra t ion  ($ )  
SPC = Annual s t andby  power cha rge  
I = I n i t i a l  inves tment  
S i n c e  s t a t e  a g e n c i e s  a r e  n o t  t axed  e n t i t i e s  a  
b e f o r e  t a x  a n a l y s i s  was r e q u r i e d .  D i f f e r e n t i a l  es- 
c a l a t i o n  r a t e s  were cons ide red  o n l y  f o r  g a s  and 
e l e c t r i c i t y ;  i t  was assumed t h a t  O&M c o s t  and s tand-  
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by power cha rge  c o s t s  would n o t  e s c a l a t e  above t h e  
i n f l a t i o n  r a t e .  Also, t h e  p r e s e n t  v a l u e  f a c t o r s  
which c o n t a i n  t h e  d i f f e r e n t i a l  e s c a l a t i o n  r a t e s  a r e  
based on a  geomet r i c  g r a d i e n t  series, 1.e.. each 
s u c c e s s i v e  v a l u e  is l a r g e r  than  t h e  p r e v i o u s  by h  
o r  f  p e r c e n t .  
Conceptual ly ,  t h e  approach used i n  t h e  ana ly -  
sis can be desc r ibed  a s  fo l lows .  The f i r s t  s t e p  
was t o  e s t a b l i s h  t h e  d i s c o u n t  r a t e  and t h e  base  
c a s e  ( t h e  "do nothing"  cas )  annual  c o s t s :  e l e c t r i -  
c i t y ,  f u e l  ( n a t u r a l  g a s ) ,  and o p e r a t i n g  and mainten- 
ance  (O&M). Secondly,  t h e  c o s t s  f o r  t h e  c a n d i d a t e  
cogene ra t ion  system i n c l u d i n g t h e  i n i t i a l  inves tment  
were determined.  Next, t h e s e  numbers were s u b s t i t u -  
t e d  i n t o  t h e  NPV equa t ion  and v a r i o u s  d i f f e r e n t i a l  
e s c a l a t i o n  r a t e  and s tandby power cha rge  s c e n a r i o s  
were then  analyzed.  The NPV f o r  each s c e n a r i o  was 
then  p l o t t e d  a s  a  f u n c t i o n  o f  i n s t a l l e d  e l e c t r i c a l  
c a p a c i t y  o f  t h e  c o g e n e r a t i o n  system. F i n a l l y ,  t h e  
b e s t  system o v e r a l l  was s e l e c t e d  on t h e  b a s i s  o f  
optimum NPV. 
SO t h a t  t h e  base  c a s e  c o s t s  and t h e  cogenera- 
t i o n  c a s e  c o s t s  cou ld  b e  r e a l i s t i c a l l y  compared, i t  
was proposed t o  o b t a i n  both  sets of  numbers by com- 
p u t e r  s imula t ion .  CELCAP ( C i v i l  Engineer ing Labor- 
a t o r y  Cogenerat ion Ana lys i s  Program), a n  hour-by- 
hour  cogene ra t ion  computer s i m u l a t i o n  program was 
ob ta ined  f o r  t h i s  purpose from t h e  Naval C i v i l  
Engineer ing Research Lab i n  C a l i f o r n i a .  CELCAP 
t a k e s  h o u r l y  demands f o r  e l e c t r i c i t y  and steam f o r  
t y p i c a l  working and nonworking days  f o r  each month 
of  t h e  y e a r  and c a l c u l a t e s  monthly and annual  c o s t s  
f o r  e l e c t r i c i t y ,  f u e l ,  and O&M based on t h e  u t i l i t y  
rate s t r u c t u r e ,  f u e l  p r i c e s ,  and O&M c o s t s .  CEL- 
CAP can be used t o  model t h e  base  c a s e  a s  w e l l  a s  
t h e  cogene ra t ion  c a s e .  For t h e  cogene ra t ion  c a s e ,  
prime movers such a s ,  gas  t u r b i n e s ,  d i e s e l  e n g i n e s ,  
back p r e s s u r e  steam t u r b i n e s ,  and au tomat i c  s t eam 
t u r b i n e s  can be  modelled s i n g l y  o r  i n  any combina- 
t i o n .  The fo l lowing  is a l is t  of  i n p u t  i n fo rma t ion  
r e q u i r e d  by CELCAP: 
Hourly s team and e l e c t r i c a l  demand f o r  
t y p i c a l  working day and one nonworking 
day of each month f o r  a  y e a r .  
B o i l e r  o p e r a t i n g  c o n d i t i o n s .  OLM c o s t .  
and b o i l e r  e f f i c i e n c y .  
Type o f  prime movers t o  b e  used.  
Performance c h a r a c t e r i s t i c s  of t h e  
prime movers. 
Heat r ecove ry  steam g e n e r a t o r  opera-  
t i n g  c o n d i t i o n s ,  O&M c o s t ,  and reco- 
v e r y  e f f i c i e n c y  
U t i l i t y  r a t e  s t r u c t u r e  ( e l e c t r i c i t y ) .  
Fue l  p r i c e .  
P r i c e  f o r  e l e c t r i c i t y  s o l d  t o  u t i l i t y  
g r i d  . 
Many of t h e  a g e n c i e s  were a b l e  t o  supp ly  hour- 
l y  demands which were u s u a l l y  compiled by t h e  agen- 
c i e s '  energy management sys tems.  For t h o s e  n o t  hav- 
i n g  h o u r l y  in fo rma t ion  a v a i l a b l e ,  demand p r o f i l e s  
were c o n s t r u c t e d  based on u t i l i t y  b i l l s  and h o u r l y  
in fo rma t ion  from s i m i l a r  a g e n c i e s .  
To v e r i f y  t h e  demand p r o f i l e s  o b t a i n e d  from t h e  
agenc ie s ,  CELCAP was run t o  model t h e  b a s e  c a s e .  
The monthly c o s t s  and consumptions of e l e c t r i c i t y  
and f u e l  were then  compared wi th  a c t u a l  u t i l i t y  
b i l l s .  The p r o f i l e s  were  t h e n  a l t e r e d  f o r  a  p a r t i -  
c u l a r  month i f  t h e  CELCAP g e n e r a t e d  in fo rma t ion  d i d  
n o t  a g r e e  w e l l  w i t h  t h e  b i l l i n g  in fo rma t ion .  
Using t h e  same demand p r o f i l e s ,  v a r i o u s  s i z e s  
and t y p e s  of c o g e n e r a t i o n  sys tems were ana lyzed .  
CELCAP o f f e r s  t h r e e  c o n t r o l  mode o p t i o n s  wi th  each 
cogene ra t ion  system: 
1. eng ines  r u n  a t  p e a k - e l e c t r i c a l  o u t p u t  
2.  e n g i n e s  f o l l o w  e l e c t r i c a l  l oad  (demand) 
up t o  t h e i r  c a p a c i t y  
3. eng ines  f o l l o w  s team load  (demand) up t o  
t h e i r  c a p a c i t y  
The annua l  c o s t s  of  t h e  b e s t  c o n t r o l  mode were  now 
used i n  t h e  NPV e q u a t i o n .  CELCAP does  have t h e  
c a p a b i l i t y  o f  a  l i f e  c y c l e  c o s t  economic a n a l y s i s ,  
b u t  t h e  NPV a n a l y s i s  e x t e r n a l  t o  t h e  main program 
proved t o  be  more f l e x i b l e  and l e s s  time-consuming. 
The l i f e  c y c l e  c o s t  (LCC) a n a l y s i s  is a  type  of  NPV 
a n a l y s i s  which de te rmines  t h e  t o t a l  c o s t  of  a  pro- 
j e c t  i n  t o d a y ' s  d o l l a r s .  The LCC's f o r  t h e  alter- 
n a t i v e s ,  i n c l u d i n g  t h e  "do nothing"  c a s e ,  are com- 
pared and t h e  one w i t h  t h e  lowes t  LCC is s e l e c t e d .  
The nex t  s t e p  i n  t h e  NPV a n a l y s i s  was t o  d e t e r -  
mine t h e  i n i t i a l  i nves tmen t  and t h e  s t andby  power 
cha rge .  The i n i t i a l  i nves tmen t  f i g u r e s  ( i n  1984 do l -  
l a r s )  used were based on vendor  i n f o r m a t i o n  and i n -  
c luded  a l l  c o s t s  r e q u i r e d  t o  b r i n g  a  sys tem on- l ine:  
equipment,  i n s t a l l a t i o n ,  e n g i n e e r i n g ,  and s t a r t - u p .  
For g a s  t u r b i n e  c o g e n e r a t i o n  sys tems,  t h e  c o s t s  were  
e s t i m a t e d  t o  r ange  from $500/KW f o r  20 MW sys tems t o  
$ 1 2 0 0 / ~ ~  f o r  500 KW sys t ems .  D i e s e l  eng ine  cogener- 
a t i o n  sys tems were e s t i m a t e d  t o  r ange  from $600/~W 
f o r  10 MW sys tems t o  $1100/KW f o r  200 KW sys tems.  
The s t andby  power c h a r g e  is o f t e n  n e g l e c t e d  i n  
many c o g e n e r a t i o n  economic a n a l y s e s ,  b u t  i n  most 
c a s e s  can  s i g n i f i c a n t l y  a f f e c t  t h e  p r o f i t a b i l i t y  of  
cogene ra t ion .  Standby power i s  t h e  c a p a c i t y  t h a t  
t h e  u t i l i t y  must have i n  t h e  e v e n t  t h e  c o g e n e r a t i o n  
f a c i l i t y  e x p e r i e n c e s  an  unscheduled ou tage .  Many I 
c u r r e n t  u t i l i t y  r a t e  s t r u c t u r e s  t r e a t  t h e  c h a r g e  f o r  
s t andby  power f o r  c o g e n e r a t o r s  t h e  same a s  t h e  de- 
mand charge .  I n  o t h e r  words,  a s  l o n g  a s  t h e  cogen- 
e r a t i o n  sys t em h a s  no unscheduled o u t a g e ,  t h e  cogen- 
e r a t o r  does  n o t  a c t u a l l y  pay f o r  t h e  s t andby  power. 
But ,  i f  t h e  cogene ra t ion  sys tem e x p e r i e n c e s  an  out-  
age  then  a  new peak demand w i l l  be  e s t a b l i s h e d  and 
t h e  c o g e n e r a t o r  w i l l  pay f o r  a l l  o r  most of t h a t  
demand f o r  t h e  n e x t  twe lve  months due t o  t h e  r a t c h e t  
c l a u s e  i n  t h e  demand charge .  The i n c r e a s e  i n  demand 
f o r  an  o u t a g e  would l i k e l y  b e  e q u a l  t o  t h e  c a p a c i t y  
of t h e  c o g e n e r a t i o n  sys tem.  I n  t h i s  a n a l y s i s ,  t h i s 1  
was assumed t o  be  t h e  c a s e ,  t h e r e f o r e ,  t h e  annua l  
s tandby power cha rge  was determined by m u l t i p l y i n g  
t h e  c a p a c i t y  of  t h e  c o g e n e r a t i o n  sys tem by t h e  month- 
l y  demand cha rge  and t h e n  m u l t i p l y i n g  t h e  p roduc t  by 
twe lve  t o  t a k e  i n t o  accoun t  t h e  r a t c h e t  c l a u s e  f o r  a 
y e a r .  Fur thermore ,  i t  was assumed t h a t  t h e  cogenera- 
t i o n  f a c i l i t y  would e x p e r i e n c e  a t  l e a s t  one unsched- 
u l e d  ou tage  a y e a r  f o r -  t h e  20 
tern. 
Some u t i l i t i e s ,  however. 
y e a r  l i f e  of  t h e  s y s - '  
have d i f f e r e n t  ap- , 
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proaches t o  charging f o r  standby power. A f i x e d  
monthly charge and r a t c h e t  c l a u s e s  which u s e  less 
than a  twelve month per iod can be found. I n  many 
cases  t h e s e  s tandby charges  a r e  nego t iab le .  
Due t o  t h e  n e g o t i a b i l i t y  of t h e  standby power 
charge two cases  were u s u a l l y  analyzed: t h e  worst  
case ,  t h e  maximum standby power charge and t h e  b e s t  
case ,  no s tandby power charge.  The worst  c a s e  as- 
sumed t h a t  t h e  cogenerat ion system would exper ience 
a t  l e a s t  one unscheduled outage every year  over  t h e  
p r o j e c t ' s  20 yea r  l i f e ,  t h e r e f o r e ,  i n c u r r i n g  t h e  
maximum standby power charge every yea r .  
The f i n a l  s t e p  i n  t h e  NPV a n a l y s i s  was t o  de- 
termine t h e  d i scoun t  r a t e  and t h e  d i f f e r e n t i a l  es- 
c a l a t i o n  r a t e s .  The d i scoun t  r a t e  used i n  t h e  ana- 
l y s i s  was assumed t o  be  t h e  i n t e r e s t  r a t e  paid  on 
t h e  s t a t e  of Texas long-term revenue bonds because 
t h i s  would probably be t h e  method used t o  fund t h e  
p r o j e c t s .  Discussions  wi th  f i n a n c i a l  a n a l y s t s  pro- 
duced a  discount  r a t e  of 8%. 
A d i f f e r e n t i a l  e s c a l a t i o n  r a t e ,  a l s o  c a l l e d  a  
r e a l  e s c a l a t i o n  r a t e ,  i s  t h e  percentage i n c r e a s e  i n  
a  cash f low above t h e  genera l  i n f l a t i o n  r a t e  over  a  
per iod of t ime. I n  t h i s  a n a l y s i s ,  i t  was assumed 
t h a t  t h e  d i f f e r e n t i a l  e s c a l a t i o n  r a t e s  f o r  e l e c t r i -  
c i t y  and n a t u r a l  gas  would vary from ze ro  t o  4%. 
The p a r t i c u l a r  s c e n a r i o s  analyzed were where t h e  
d i f f e r e n t i a l  e s c a l a t i o n  r a t e s  f o r  t h e  c o s t  of e l e c -  
t r i c i t y  and n a t u r a l  g a s  were: (1) G;/O and 0%. (2) 
2% and 2%, (3) 4% and 2%, and ( 4 )  2% and 42, r e -  
spectivcl.:y. 
Since t h e  f u e l  charge i n  t h e  e l e c t r i c a l  r a t e  
t i o n  of e l e c t r i c i t y  c o s t s ,  i t  was assumed t h a t  t h e  
standby power charge would n o t  e s c a l a t e  r e l a t i v e  t o  
t h e  genera l  i n f l a t i o n  r a t e .  It was a l s o  assumed 
t h a t  O&M c o s t s  would not  e s c a l a t e  r e l a t i v e  t o  t h e  
genera l  i n f l a t i o n  r a t e .  
A t  t h i s  po in t  a l l  v a l u e s  i n  t h e  NPV a n a l y s i s  
have been explained.  The NPV equat ion can now be  
solved.  
COGENERATION FEASIBILITY STUDIES 
Cogeneration f e a s i b i l i t y  s t u d i e s ,  incorpora t -  
i n g  t h e  desc r ibed  NPV a n a l y s i s .  were under taken f o r  
e leven s t a t e  agencies :  two h o s p i t a l s ,  e i g h t  univer-  
sities, and t h e  c a p i t o l  complex i n  Aust in .  The com- 
p l e t e d  s t u d i e s  were submit ted t o  t h e  P u b l i c  U t i l i t y  
Commission (PUC) of Texas. 
An important  r e s t r a i n t  i n  t h e  a n a l y s i s  was t h e  
f a c t  t h a t  s t a t e  agenc ies ,  u n l e s s  o the rwise  author-  
i z e d ,  cannot s e l l  e l e c t r i c i t y .  Agencies au thor ized  
t o  sell power a r e  u t i l i t y  a u t h o r i t i e s ,  e .g . ,  t h e  
Lower Colorado River  Author i ty  (LCRA). A s  a  r e s u l t  
of t h i s  r e s t r i c t i o n ,  a  cogenerat ion f a c i l i t y  could 
no t  b e n e f i t  from t h e  s a l e  of power, bu t  t h e  r e s t r i c -  
t i o n  a l s o  r e s u l t s  i n  t h e  economic f e a s i b i l i t y  of 
cogenerat ion being based on t h e  demands of t h e  
agency on ly  and no t  a  f u n c t i o n  of t h e  buyback r a t e .  
A s u m a r y  of t h e  f i n d i n g s  a v a i l a b l e  a t  t h i s  
w r i t i n g i s  shown i n  Table  1 .  I t  can be seen t h a t  
t h e p o t e n t i a l  sav ings  from cogenera t ion  a t  s t a t e  
a g e n c i e s i s  s i g n i f i c a n t .  
s t r u c t u r e  is pr imar i ly  r e s p o n s i b l e  f o r  t h e  esca la -  
Table  1 Economic Sumnary o f  Cogeneration 
E l e c t r i c a l  Ne t  Present  Value (NPV) (I  m i l l i o n s )  . ~-~ 
Capacity 
and t w e  l s n u a l  Simple Payback E l e c t r i c i t y  and Gas Cost Esca la t ion  Rates,  (%,%) 
o f  ; A  LIUII ~!nr IWM ( Y ~ s )  
tart mver Saulmgs Standby Pouer (0.0) (2 .2)  (4 .2)  
I n s t i r u l ! m  (5 mtl\ians\ (kU) (5) C k q e  (SPC) ( S )  w i t h  SPC no SPC w i t h  SPC no SPC w l t h  SPC no SPC w i th  SPC no SPC 
1)  s o u t h u e $ ~  3 6 1.soa. GI*. B W . ~ J  0. 4.5 4.5 4.0 4.0 5.5 5 5 9.0 9.0 
Terar  S ta te  
University 
2) Austin 1.1 1,000; GT 300.000 60.000 4.6 3.6 1.2 1.9 1.6 2.3 3.0 3.7 
S t a t e  
Hospital  
3) University 6.6 8,800; GT 1,800,000 0. 3.7 3.7 . 10.0 10.0 13.0 0 22.0 22.0 
of  Houston 
Un ive rs i t y  
Park 
4 )  Texas Home 's  3 . 1  3,700; GT 1,050,000 250.000 3.9 3.0 4.8 7.2 6.5 8.9 9.2 11.6 
Unive rs i t y  
5 )  North Texas 6.6 8,800; GT 1,740,000 440.000 5.1 3.0 5.0 9.0 9.7 13.7 18.3 22.3 
Sta te  
Un ive rs i t y  & 
Texas W w n ' s  
U n i v e r s i t y  
6) Sta te  Capitol  2.0 2,500; Ofg*. 160,OCO 110,000 5.5 8.0 0.6 1.6 1.4 2 . 4  4.0 5.0 
Complex 
7 )  University o f  0.225 1,500, OE*... 120,000 170,000 0 1.9 -1.25 0.75 -1.0 1.0 -0.1 1 . 9  
Texas a t  Oa l l a r  
To ta l  23.225 32,800 '6,170.CKO 00.030.000 4.5 3.8 24.35 34.45 36.7 46.8 65.4 75.5 
-. 
Notes: 
Tho standby power charge .*as assumed t o  be n e g l i g i b l e .  
*' GT - Gas Turbirie 
." DE- D iase l  Engine (na tu ra l  gas - f i r ed )  
"*. Cogr r~ r ra t lon  Sy~Lrrn already ~ r i  p lace COIL sho.*n 1s f o r  i n te rconnec t ion  su i tchgcar .  
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IMPLICATIONS OF THE ANALYSIS 
An important  i m p l i c a t i o n  t h a t  r e s u l t s  from t h e  
i n s t a l l a t i o n  of  a  base-load cogene ra t ion  sys tem is  
t h e  f a c t  t h a t  t h e  c o s t  of  e l e c t r i c i t y  purchased on 
a  k i l o w a t t  hour  b a s i s  from t h e  u t i l i t y  would go up. 
I n  o t h e r  words, t h e  p r i c e  of  e l e c t r i c i t y  d i s p l a c e d  
by t h e  cogene ra t ion  system i s  a c t u a l l y  lower than 
t h e  average p r i c e  of e l e c t r i c i t y  bought b e f o r e  co- 
gene ra t ion .  To i l l u s t r a t e ,  c o n s i d e r  t h e  fo l lowing  
t y p i c a l  e l e c t r i c a l  demand p r o f i l e :  
HOUR 
0 2 4 6 B 10 12 14 16 18 20 22 24 
HOUR 
The p r i c e  of e l e c t r i c i t y  f o r  t h i s  day would be  
c a l c u l a t e d  a s  fo l lows :  
ELEC = (KWH x E  + KWH x  FA + PD x  DC)/KWH 
where: 
ELEC = ave rage  c o s t  of  e l e c t r i c i t y  ($/kwh) 
KWH = e l e c t r i c a l  energy consumed (kwh) 
E  = energy cha rge  ($/kwh) 
FA = f u e l  ad jus tmen t  cha rge  ($/kwh) 
PD = peak demand (kW) 
DC = demand cha rge  ($/kW) 
s i m p l i c a t i o n  g i v e s :  
ELEC = E + FA + (PD x DC)/KWH 
Now d e f i n e :  
where : 
AD t h e  ave rage  demand f o r  t h e  p e r i o d  (kW) 
HR = t ime i n  p e r i o d  ( h r s )  
s u b s t i t u t i n g :  
ELEC = E + FA + (PD x DC)/(AD x  HR) 
There fo re ,  i t  can be  seen  t h a t  t h e  e l e c t r i c i t y  c o s t  
is a  f u n c t i o n  of t h e  r a t i o  of  PD t o  AD f o r  any giv-  
en  r a t e  s t r u c t u r e .  Now assume t h a t  a  base- load 
system is  i n s t a l l e d  a t  t h e  s i t e  and c a r r i e s  t h e  
load  a s  i n d i c a t e d :  
It can be  s e e n  from comparing PD2 and AD2 wi th  
PD and AD th'at t h e  r a t i o  of peak demand t o  ave rage  
demand goes  up a s  more of t h e  base  e l e c t r i c i t y  de- 
mand i s  c a r r i e d  by t h e  cogene ra t ion  sys tem,  and 
hence,  t h e  p r i c e  of e l e c t r i c i t y  goes  up. An hour- 
by-hour a n a l y s i s ,  l i k e  t h a t  used i n  CELCAP, can t a k e  
i n t o  account  t h e  changing ave rage  p r i c e  o t  e l e c t r i -  
c i t y  and i n  p a r t  p reven t  t h e  s a v i n g s  fro;.[ be ing  over- 
s t a t e d .  
From t h e  s t u d y  i t  a l s o  became c l e a r  t h a t  t h e  
s t andby  power c h a r g e  was ext remely impor t an t .  As 
shown i n  t h e  t a b l e  o f  r e s u l t s ,  t h e  s t andby  power 
cha rge  f o r  a  s i n g l e  unscheduled o u t a g e  can  g r e a t l y  
r educe  o r  e r a s e  a n y s a v i n g s  from c o g e n e r a t i o n  f o r  a  
f u l l  y e a r .  
Although t h e  NPV i s  s e n s i t i v e  t o  t h e  d i f f e r e n -  
t i a l  e s c a l a t i o n  r a t e s  f o r  f u e l  and z l e c t r i c i t y ,  t h e  
optimum cogenera t ion  sys tem is  n o t  a s t r o n g  f u n c t i o n  
of d i f f e r e n t i a l  e s c a l a t i o n  r a t e s .  I n  o t h e r  words,  
t h e  optimum cogenera t ion  sys tem i s  v i r t u a l l y  inde-  
pendent of  t h e  d i f f e r e n t i a l  e s c a l a t i o n  r a t e s ,  b u t  
t h e  a c t u a l  do!.l.ar v a l u e  of  t h e  sys tem J.s a s t r o n g  
f u n c t i o n  of  t h e  d i f f e r e n t i a l  e s c a l a t i o n  r a t e s .  
SUMMARY 
Cogenerat ion f e a s i b i l i t y  s t u d i e s  have  been com- 
p l e t e d  f o r  s even  of  t h e  e l e v e n  s e l e c t e d  s t a t e  agen- I 
c i e s .  The r e s u l t s  i n d i c a t e  t h a t  Texas  could  i n s t a l l  
a  t o t a l  o f  33MW o f  cogene ra t ed  e l e c t r i c a l  c a p a c i t y  
f o r  $23.3-mill ion and subsequen t ly  s a v e  o v e r  $5-mil- 
l i o n  p e r  y e a r  i n  reduced u t i l i t y  b i l l s .  
A n e t  p r e s e n t  v a l u e  (NPV) a n a l y s i s  was used a s  
t h e  pr imary s e l e c t i o n  c r i t e r i o n .  I t  was chosen be- , 
cause  i t  can r e l i a b l y  r ank  a l t e r n a t i v e s ,  t a k e  i n t o  
account  t h e  t ime  v a l u e  of money, and g i v e  r e s u l t s  i n  
a  meaningful  u n i t  of  measure.  Also, i t  can e a s i l y  
be used t o  a n a l y z e  an  a l t e r n a t i v e ' s  s e n s i t i v i t y  t o  
d i f f e r e n t i a l  e s c a l a t i o n  r a t e s  and s t andby  power 
cha rges .  
An hour-by-hour c o g e n e r a t i o n  a n a l y s i s  program 
c a l l e d  CELCAP was used f o r  c a l c u l a t i n g  t h e  annua l  
c o s t s  used i n  t h e  NPV a n a l y s i s .  The importance  of  
an  hour-by-hour a n a l y s i s  was shown by t h e  f a c t  t h a t  
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i t  can take i n t o  account the increasing average 
price  of  e l e c t r i c i t y  due t o  the demand chargeand in- 
s t a l l a t i o n a n d  operation o f  a cogeneration f a c i l i t y .  
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